SYNOPSIS Electrophysiological, biochemical, and morphometric observations were made on the peripheral nerves of rats after galactose feeding. Motor nerve conduction velocity was found to be reduced. This was associated with an accumulation of galactitol in the peripheral nerves and a diminution in their myoinositol content. An increased water content and fascicular area, taken in conjunction with a probable increase in the area ofthe endoneurial spaces, indicated overhydration ofthe peripheral nerves. Morphometric observations on the myelinated fibre population in the tibial nerve showed no loss of fibres and, although both the maximal and the average diameter of the myelinated fibres was slightly less than in age-matched controls, this was insufficient to explain the reduction in conduction velocity. Segmental demyelination was not detected and the relationship between myelin thickness and axon circumference was not altered. Electron microscope observations revealed no ultrastructural changes in the myelinated fibres and, in particular, no abnormalities at the nodes of Ranvier or indication of abnormal hydration of the Schwann cells. The relevance of these findings to the peripheral nerve changes in human and experimental diabetes is discussed.
In hereditary galactosaemia in man cataracts become evident with increasing age in untreated children. This is associated with accumulation of the sugar alcohol galactitol in the lens (Gitzelmann et al., 1967) and the consequent osmotic damage is perhaps responsible for the development of the cataracts, which are similar to those that may develop in diabetics. Morphologically comparable cataracts also appear in rats after galactose feeding and after the induction of diabetes (Van Heyningen, 1959) . Sugar cataracts in rats after galactose feeding and in diabetic animals are associated respectively with the accumulation of galactitol and sorbitol in sufficient quantities to produce osmotic effects in the lens (Van Heyningen, 1959; Kinoshita et al., 1962;  Kinoshita, 1965; Gabbay, 1973) . The role of sugar alcohols in the formation of cataracts in these situations has been discussed by Kinoshita (1965) and Gabbay (1973) . (Accepted 23 March 1976.) In addition to the lens the peripheral nerves also accumulate galactitol in galactose-fed rats, and this is accompanied by reduced motor nerve conduction velocity (Gabbay and Snider, 1972) .
These authors also reported that the peripheral nerves had an increased water content and became macroscopically swollen. Although the role of sugar alcohols in the origin of pathological changes in the lens seems clear, the significance of the accumulation of galactitol in relation to the disturbance of nerve conduction is uncertain.
Morphological studies on this interesting model have not yet been presented. The present study reports electrophysiological, biochemical, and morphometric observations on the peripheral nerves after galactose administration in rats.
METHODS
The observations were made on male Wistar rats weighing between 300 and 400 g. Age-matched animals were divided into experimental and control groups. The experimental animals were fed a diet containing four parts of D-galactose and six parts of 41B Oxoid diet (Lillico). Control animals were fed 41B Oxoid chow pellets. The rats were maintained in plastic metabolic cages with water and food ad libitum.
ELECTROPHYSIOLOGICAL METHODS Serial measurements of motor nerve conduction velocity were made on control and galactose-fed rats by a method described by Sharma and Thomas (1974) . The Fig. 2 ).
Isothermal operation was used for identification of peaks and (for major peaks) for quantification, which was more accurately achieved from the programmed runs.
Identification of peaks was by comparison with the retentions, relative to that for arabitol, of the derivatives of standard substances. Quantification was through peak areas, measured from chords (a) at 0.75 and (b) at 0.375 of the peak height. The relationship for Gaussian distributions-that is, peak
where c = 0.75 x peak height, taking the constant as unity and common to all peaks. The arabitol peak was taken as standard and a specific factor applied for each peak to reduce it to a standard area per ,umol taken originally for extraction. These constants FIG. 2 Gas chromatogram of trimethylsilyl derivations of polyhydric substances extracted from dried sciatic nerve of rat maintained for seven weeks on galactose diet. Open tube capillary column with silicone gum E301 with attenuations and temperature programme as marked and with uniform chart-speed; interval between peaks (J)- (8) is 23.5 min. Peaks are (1) arabitol added as standard to extract; (2) fructose; (3) galactose-J; (4) glucose-i; (5) galactose-2; (6)glucose-2; (7) galactose-3; (8) galactitol; (9) glucose-3; (10) inositol. (Ward et al., 1972) were redetermined for the conditions in the present work by treating known volumes of standard solutions of dried fructose, glucose, galactose, galactitol, and inositol exactly as for the nerves. The lower limit for measurement was about 0.02 pmol/g fresh tissue for each substance. Concentrations of polyols were calculated from the gas chromatograms as ,umol/g fresh tissue using weights estimated as above.
MORPHOLOGICAL TECHNIQUES For the examination of fascicular area a segment of the sciatic nerve was removed at a standard site immediately distal to the sciatic notch under ether anaesthesia. Frozen sections 15-20 pm in thickness were cut on a cryostat, stained with 1 % aqueous light green and photographed at a final magnification of x 160. Fascicular area was estimated by tracing the outline of the inner border of the perineurium on to graph paper and measuring the enclosed area.
Quantitative histometric and ultrastructural observations were undertaken on the tibial nerve, as the electrophysiological observations were made on this nerve. After anaesthetizing the animal with ether arterial perfusion was performed by introducing a catheter into the descending thoracic aorta and incising the right atrium for drainage. Perfusion was undertaken with cacodylate-buffered paraformaldehyde-glutaraldehyde fixative at 4°C (Cotran and Karnovsky, 1968) , preceded by a brief perfusion with the same solution at 37°C. The left tibial nerve between the knee and ankle was freed from connective tissues and removed in one piece without stretching. The nerve segments were then immersed for three hours in the fixative, washed in buffer containing 10% sucrose, and postfixed in a 1 % cacodylatebuffered solution of osmium tetroxide for three hours. After dehydration in graded concentrations ofethanol the nerves were embedded in Araldite.
For the examination of isolated nerve fibres portions from the lower part of the tibial nerve up to 1.5 cm in length were fixed and dehydrated as already described, but 
RESULTS
The galactose-fed animals remained healthy but did not gain weight as rapidly as the control animals and developed cataracts after about two months. There was no evidence of muscle weakness or clinical evidence of neuropathy. Blood glucose concentrations in control and galactosefed animals varied between 5.5-7.0 and 5.5-9.3 mmol/l (100-125 and 100-165 mg/100 ml) respectively.
ELECTROPHYSIOLOGICAL OBSERVATIONS The results of serial motor nerve conduction velocity estimations in galactose-fed and control animals are shown in Fig. 3 . Conduction velocity was consistently reduced in the experimental animals and remained so throughout the period of the investigation. No tendency either towards recovery or progressive deterioration was evident. The mean (±SD) value for the galactose-fed rats was 37.2±3.3 m/s and that for the control group 49.2+5.5 m/s. This difference is significant (P <0.001). Polyhydric substances There was a clear qualitative distinction between test and control nerves in that the predominant peak in eight test nerves was that ascribable to galactitol (Fig. 2) , whereas no such peak was seen in any of five controls. Quantification was undertaken with seven of the experimental and three control nerves and demonstrated a further difference in that the myoinositol content of the test nerves was about half that of the controls. Galactose was present in appreciable quantities in the experimental specimens but detected in only one of the five controls. The explanation of this anomalous finding is uncertain and the possibility of contamination of the sample cannot be excluded. The quantitative results are summarized in Table 1 , where means and standard deviations are given in ,umol/g fresh tissue.
Values for all five substances were independent of the time of maintenance on the galactose diet. Sums of peaks for each sugar were taken for quantification, with the untested assumption that the area factors were independent of the distribution of the possible forms. Small amounts of Table 3 . No statistically significant difference is present between the slopes for the control and experimental nerves (P > 0.05).
The degree of myelination was compared over the whole range of fibre size for the tibial nerve for one galactose-fed and one control animal. 
DISCUSSION
The present observations have confirmed that galactose feeding to rats gives rise to reduced motor nerve conduction velocity, as was originally reported by Gabbay and Snider (1972) . Although maximum fibre diameter is slightly reduced in the galactose-fed animals as compared with the controls, the degree of reduction, which is less than 1 ,tm, is clearly insufficient to explain the diminution in conduction velocity. The degree of reduction is similar to that in experimental diabetes, where Sharma and Thomas (1974) failed to detect any reduction in fibre diameter. Re-examination of these results, however, also indicates that there is a slight but statistically significant reduction in diameter in the diabetic animals as compared with age-matched controls. The average diameter of myelinated fibres in the sural nerve in streptozotocin-induced diabetic animals with a survival time of up to 28 weeks was 0.4,m less than the controls, which is again insufficient to explain the reduction in conduction velocity. It is unlikely that fibre diameter diminishes; inspection of the results suggests that the difference is explained by a retardation in growth in the diabetic animals as compared with the controls. The same is probably true of the present observations. During the past two decades, during which the explanation of reductions in conduction velocity both in human neuropathies and in experimental models has been extensively explored, the investigations have concentrated in correlating the electrophysiological changes with alterations in the geometry of nerve fibres. In both experimental diabetes and after galactose feeding we have situations in which alterations of a biochemical nature are probably responsible. Our biochemical studies have also confirmed Gabbay and Snider's observation that galactitol accumulates in peripheral nerve in substantial quantities. The site of accumulation of the galactitol is uncertain. Aldose reductase is known to be localized within Schwann cells (Gabbay and O'Sullivan, 1968) and would be capable of converting galactose to galactitol. Galactitol, like other sugar alcohols, traverses cell membranes slowly (Le Fevre and Davies, 1951) . Sorbitol dehydrogenase, which converts sorbitol to fructose, is able to metabolize only sorbitol. The galactitol would therefore be expected to accumulate within Schwann cells and possibly this might result in osmotic overhydration of these cells (Gabbay, 1973) . However, there were no ultrastructural changes in our galactose-fed animals to suggest that this occurs. Possibly the galactitol slowly leaks into the endoneurium, where it accumulates. Further studies are necessary to determine the precise localization ofthe galactitol. Although the macroscopic swelling of peripheral nerves found by Gabbay and Snider was not seen in our material, the fascicular area of the sciatic nerve was slightly but significantly increased, as was the water content. Since the number and diameter of the myelinated fibres is not increased, the increase in fascicular area is likely to be the result of an expansion of the endoneurial connective tissue compartment. The extent of the endoneurial connective tissue spaces has not been assessed quantitatively. This would be difficult to achieve as it would demand observations on sections that had not been subjected to fixation or dehydration. No abnormal material was observed in the endoneurial spaces in the galactose-fed animals either on light or electron microscopy.
The explanation of the reduction in conduction velocity both in experimental diabetes and in galactose-fed animals has yet to be established. Eliasson (1969) found that in alloxan-diabetic animals the electrical properties of the nodes of Ranvier were unaltered within the limits of the technique employed. Internodal capacitance was normal whereas internodal resistance was reduced. It was suggested that 'leakiness' of the myelin might be responsible for the reduced conduction velocity, possibly caused by oedema ofthe myelin sheath or an alteration in its composition. No indication of abnormal periodicity of the myelin to suggest the presence of oedema was detected by Sharma and Thomas (1974) . Eliasson's results did not exclude an abnormality in the generation of the nodal action potential as contributing to the reduced conduction velocity. If the rise time of the nodal action potential were diminished it would lead to a delay in the activation of the following node and therefore to a reduced conduction velocity. We are at present investigating this possibility.
The myoinositol content of peripheral nerve is known to be reduced both in experimental diabetes (Stewart et al., 1967; Greene et al., 1975) and after galactose feeding (Stewart et al., 1967; Gabbay and Snider, 1972; and present results) . In a recent important study Greene et al. (1975) found that the addition of myoinositol to the diet prevented the reduction in conduction velocity in experimental diabetes in rats. It is not yet known whether this also applies to the galactosefed animals.
Probably polyphosphoinositides are localized in plasma membranes, including those of neurones (Eichberg and Hauser, 1973) . Both di-and triphosphoinositides are present, the former predominating. Enzymes that catalyze phosphoinositides are associated with the cell surface. It has been postulated that such polyphosphoinositides may be involved in the generation and propagation of action potentials. Both di-and triphosphoinositides show a rapid turnover rate in nerve trunks (Yagihara et al., 1969; White and Larrabee, 1973 Hawthorne and Kai (1970) Hendrickson and Reinertsen (1969) , who concluded that triphosphoinositide possessed a higher affinity for Ca2+ than diphosphoinositide and postulated (Hendrickson and Reinertsen, 1971 ) that interconversion between these two polyphosphoinositides might be sufficient to control the opening and closure of Na+ channels through the axon membrane. There are certain difficulties at present in accepting either of these hypotheses (see Michell, 1975) , but the possible role of reduced nerve myoinositol in relation to reduced nerve conduction velocity clearly requires further exploration.
The mechanism for the reduction in nerve myoinositol, both in diabetes and after galactose feeding, is obscure. Possibly galactitol and sorbitol act as competitive inhibitors in the local formation of polyphosphoinositides. A further observation that also requires explanation is that experimental hypermyoinositolaemia in rats is associated with reduced nerve conduction velocity (De Jesus et al., 1974) . Moreover, it is entirely uncertain whether the mechanisms that give rise to reduced conduction in these various experimental situations have any relevance to the structural neuropathies that may appear in human diabetes mellitus ar in chronic renal failure (see Sharma and Thomas, 1974) .
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